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1 
Our invention relates fo speedregulating 
motor cont1l systems of the variable voltage type 
and aires ai providing systems which combine 
ruggedness, hoEgh reliabflity and case of adJuSt- 
ment with stabl,e, and very smooth speed regula- 5 
tion Vo 0btain an overall performance superior fo 
tht of the known systems for exacting control 
and reliability requirements, for instance, as de- 
sired for elevator aperations. 
Tle means according o out invention, for 10 
achieving these and the more speciflc abjects and 
advatages apparent from the following, are set 
f.orth wih particularity in the claire s anexed 
eret and are exemplifled by the two embodi- 
15 
ments of seed regulated variable-voltage dives 
illustrated in Figs. 1 and 2, respectively, of the 
appertaining drawing. 
OE Fig. 1 the motor fo be controlled is sown 
ai 1Vi. Ifs armature s denoted by  and ifs field 
winding by 2. The field winding is energized by 
constant voltage from a suitable source of direc 
current. If will be understood that this dh'ect 
current can be supplied through a recfier from 
the alternating current supply means or trans- 
former mentioned in the following. The motor 
armature  is energized from the armature ] of 
a generator G with two mutually opposing con- 
rol field .windings 4 and 6, a series field winding 
or interpole winding $ and a shunt field winding 
]. A .esitor 8 in the circuit of the shunt field 30 
winding ] per.m_its dJusting the self-excitation 
of the geerator and nay be calibrated so that 
this self excitation is approximately tuned to the 
n'0-1oad magnetization characteristic of the gen- 
erat0v. The self-excitation of the .generátor, 35 
pçovded bY wind}ngs $ and ], then suflïces under 
steady tte c0nditons fo substantially maintain 
.the gen.era_tpr outpt voltage ai the .desiçed valuê 
while the conr0! fie]d vi!dings 4 and  are ¢a!]ed 
upon fo provide the udditional stim.lus needed 40 
t0 shift the voltage up or d0.wn a]0ng the valtuge 
¢haracteristic af the generaçor s long.as the gen- 
erator operates substantially within the unsatu- 
rated and approximately linear portion of ifs 
45 
magnetic charceristic. 
The control field windings 4 and.6 are energized 
from he output .terminals l l, 1-2, 13 of a dis- 
criminating magnetic amplifier A which is ener- 
.gized ai ifs power .terminals 14 and 16 from an 0 
Mterating-çurrent line and receives a contro! 
sgna! ai ifs input erminals 15 and ]. As will 
be explained, .the voltage E of the input signal 
across erminals $ and |] de.t¢rmnes by 
polarity and magnitude She drect!on and inten- 

2 
sity o.f the amplified resultant excitation applied 
fo the generator by field windings 4 and 6. 
The signal voltage E is the resultnt af four 
co.mponen direct-currenç voltages E, E2, E and 
E, of which the voltage E bas a selectively ad- 
usted constant value, while the voltages E, E3, 
E are variable in accordance with functions oï 
the motor speed. The voltage E2 is substantially 
pro.portional {o the moor speed, the voltage 
is substantially propartional fo the motor acceler- 
ation, and the voltage E is a corrective damping 
voltage Substantially praportional to the .rate of 
change of .the acceleration. The means for 
plying these co.mpanent valtages fo the input 
teçmina]s of the discriminaing amplifier A wfll 
be described presently. 
Connected fo the armature  of motor .1tf 
the a«mature  oï a tachometer generat0r P 
which is shown ho be equipped with  consan- 
excitation field winding J g, although t will be 
understood that other tachometer devices uch 
as a permanent-magnet generator may be em- 
ployed instead Connected across he tach0meter 
armature I are two series connected resistors 
2j ànd22. The voltage E across resistor J is 
,praportional to. the motor speed. A third re- 
sistor 23 bas one end attached fo. a circuit Point 
between resistors 2j and 22, and is series con- 
nected with a capacitor 4 across he resistor 22. 
Dring steady state oPeration the capacior 
has no effect on the voltage appearing across the 
series arrangement of resistors 21 and 2. Dur- 
ing changes in motor speed, the charging and 
discharging effect of capacitor 2l imposes on 
resistor 2 a voltage in proportion fo the rate 
of change .ò.ï the tach'ometer voltage.. Conse- 
quently the voltage E across resistor 2 is equal 
fo 
(k=constant, t=time). Seres connected with 
resistors  and 2 is an adjustable rheostat 
energized from a suitable source of constant di- 
rect voltage. For instance, t'his source may be 
an exciter generator, .or if may c_omprise a recti- 
fier energized from the alternating-current Sup- 
ply means mentioned in the foll0wing. Th.e can- 
stant voltage E' is tapped .off from the rleostat 
2 and represerts a rèïerence indicative Of the 
desired motor sPeed. 
A resistor 2 is series connected between the 
amplifier input terminal Il and resistor $. The 
above-mentioned damping voltage E is.impressed 
across the resistor 25 iby a magnet!c amp!ifying 
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device B. This device has a saturable reactor 
device 27 whose D.-C. control coil 28 is connected 
across the series field winding 6 of the generator 
G, or across any other resistive circuit element 
o£ the generator-motor armatm'e circuit, so that 
the control excltation of coil 29 is proportional to 
the cm'rent supplied to the motor armature. The 
reactance winding 29 of reactor 27 is connected 
to alternating current supply terminals 3! in 
series with a rectifier 32 and in series with a load 
resistor 33. The above-mentioned resistor 25 is 
connected across resistor 33 in series with a ca- 
pacitor 35. A filtering capacitor 34 of low capaci- 
tance maY be used for smoothening the voltage 
E4. The voltage E« is a derivative of the cur- 
rent which is composed of a load component and 
an acceleration component. Voltage E« can be 
expressed as a function of the second deriva- 
tive of the motor speed: 
d2E 
The polarities of E3 and E« depend on whether 
the speed is increasing or decreasing or wheher 
the current is increasing or decreasing. In order 
to bave a damping function, E3 must be positive 
(adds fo E2) when the speed is increasing or 
negative (subtracts from F) when the speed is 
decreasing. The connection shown produces the 
correct polarity. Likewise, when the current is 
increasing, the polarity of E« shouid be positive 
(adds to E2) or if the current is decreasing, E4 
should be negative, (subtracts from Es). To se- 
cure these polarities of voltage E4, the positive 
terminal of rectifier 32 is connected fo AC sup- 
ply 3 I. In view of the just-mentioned polarities 
of the component control voltages relative to one 
another the resultant voltage E can be expressed 
as: 
E=E-- I (E÷ E ÷ E4) 
During steady state conditions, voltages v.3 and E 
are zero so that then the voltage v. is the diî- 
ference between voltages E and Es. Under the 
latter conditions, the adjusted voltage v« is sub- 
stantially balanced by the voltage Ez so that the 
resultant signal voltage v. is approximaely zero 
and the excitation applied fo the generator con- 
trol fleld windings at a minimum just sufficient to 
maintain he generator output voltage at the cor- 
rect value. 
The amplifier A is energized through a trans- 
former 41 whose primary 42 is connected across 
the power supply terminals 14 and 15. The trans- 
former has three secondary windings 43, 44 and 
46. The secondary 43 is connected across the 
input terminals of a rectifier 46 in series with 
the reactance winding 47 of a saturable reactor 
49, having two direct current control coils 49 
and 6{}. The secondary 44 is connected across 
the input terminals of a rectifier  I in series with 
the reactance winding 62 of a saturable reactor 
53, having control coils 54 and 65. The control 
coils 6 and 65 are connected across the direct 
current output terminals of the respective recti- 
fiers 46 and 51. These coils serve to provide the 
saturable reactors with feedback excitation in 
order fo increase the amplifying gain. If should 
be understood that such feedback windings are 
not always needed, and that they may be re- 
placed by he known self-saturating reactor cir- 
cuits .using auxiliary valves for causing the alter- 
nating current circuit fo also provide the reactor 
with unidirectional premagnetization. The con- 
trol coils 49 and 64 are excited from the above- 

4 
mentioned input terminals  and Il of the mag- 
netic amplifier and, if needed, are also subjected 
to a biasing voltage supplied from the output ter- 
minals of a rectifier 65 which is energized from 
5 the transformer secondary 46. A potentiometric 
rheostat 67 is connected across the amplifier in- 
put terminals 16, 17, and the output circuit of 
rectifier 55 extends through the midtap of this 
rheostat. 
10 The operation of the amplifier A will be read- 
ily understood if one first assumes that the sys- 
rem is energized and that the motor is in steady 
operation at exactly the speed determined by the 
selected setting of the speed control rheostat 
15 Under these conditions the signal voltage E across 
the amplifier terminals 16 and 17 is nearly zero, 
and hence contributes virtually nothing to the 
excitation of the reactor control coi]s 49 and 
Then, however, a constant flow of current passe 
.20 from the output terminals of rectifiers 56 through 
the left-hand portion of rheostat 57 and the 
control coil 49 of reactor 49, and another flow of 
current passes from rectifier 6 through the 
right-hand portion of rheostat 67 and the con- 
25 trol coil 54 of reactor 3. Consequently the pre- 
magnetization of each reactor 49 and  has a 
properly rated medium value so that the re.- 
spective reactance windings 47 and 52 have cor- 
responding medium values of reactance. The 
3o two rectifiers 46 and 5 now impress respective 
direct current voltages of mutually opposing po- 
larities across the generator windings 4 and 
These two voltages are substantially equal, and 
the field windings 4 and 5 are dimensioned so 
35 that the resultant field is nearly balanced. 
Assume now that the motor M starts running 
faster than desired, for instance, due to a change 
in load. Then the speed responsive voltage of 
the pilot generator P also increases. The com- 
4o ponent voltage E which opposes the fixed refer- 
ence voltage E also increases. As a result the 
differential resultant voltage E across the am- 
plifier input terminals 16 and 7 assumes an ap- 
preciable finite value and impresses a negative 
45 potential on terminal 16 and a positive potential 
on terminal 17. As a result a current flows from 
terminal I through rheostat 5 to terminal 
and imposes a corresponding voltage drop on the 
rheostat. This voltage drop is cumulative in 
50 the right-hand portion of rheostat  to the volt- 
age impressed from rectifier 56 on the control 
coil 54 of reactor 3. Consequently the premag- 
netization of reactor 5. is increased. The re- 
actance value of winding 52 drops accordingly, 
55 and the voltage rectified by rectifier 1 and im- 
pressed on the field winding  increases. The 
voltage drop due fo the signal voltage E in the 
left-hand portion of rheostat  however is sub- 
tractive relative to the voltage impressed on this 
60 rheostat portion by the carrent flowing from 
rectifier 56 through the control coil 49 of rheo- 
star 49, so that the reactor decreases ifs pre- 
magnetization and increases the reactance of its 
winding 47, thus causing the rectifier 6 to de- 
65 crease the voltage impressed on the control fleld 
winding 4 of generator G. The resultant exci- 
ration caused by field windings 4 and 5 is no 
longer balanced but has an appreciable flnite 
value whose polarity is determined by that of the 
70 field winding . The generator G is thus con- 
trolled to decrease the voltage applied to the mo- 
tor armature thereby reducing the speed to the 
correct value. 
Conversely if the motor M runs slower than 
ï5 directed by the adjustment of the speed con- 



 trol rheostat 25, the .resultntdifferential volt- 
age E becomes tositive at terminal $ and neg- 
ative ai terminal I. with the effec.t of increas- 
ing.the effective reactance of react.or 45 and de- 
creasing the reactance ofreactor 53, thus caus- 
ingrectifier 46 to increase the excitation of gen- 
erator field winding 4 while rectifier 51 provides 
reiuced .excitation .fo field winding 5. The 
suitant .control field of generator G nov has a 
.finite value of a polarity.ieterminei by that of 
the field ïrom winding 4, thus causing .the gen- 
erator G to increase its outputvoltage to the ex- 
tent needed by restoring the proper motor speed. 
During the just-mentioned regulating opera- 
tions, the damping circuit .22, 23, .24 prevents 
hunting ani overihoot while the voltage-E sup- 
plied by the device Bimproves the stability of the 
reguiating .performance. 
If bas been mentioned that the speed respon-. 
sire voltage tan be proviiei by means other 
than those illustrated in Fig. 1. An example of 
such a different possibflity is exemplifiei in lig. 
P. by a system operating without a tachometer 
generator. Otherwise the system shown in lig. 
. is similar to that .of Fig. 1. lor that reason 
the discriminating push-pull amplifier A and the 
amplifying device B are only schematically indi- 
cated, and the reference numerals used .in lig. 
2 are the saine as those of corresponding ele- 
ments in Fig. 1» except that the prefix 1 (or 10) 
is added to the numerals of Fig. P.. If this is kelt 
in mini, the foregoing ieicription of Fig. 1 is 
substantially applicable to Fig. ., with the excep- 
tion of the modifications ieicribed presently. 
According fo Fig. . the resistance network for 
providing the substantially speed-proportional 
voltage E2 is connected across the generator-motor 
loop circuit so that the voltage drop across the 
series arrangement of reslstors 121 and 122 ls 
substantially proportional fo the terminal voltage 
of the motor armature I{]1. The series field 
winding |{]6 of the generator consisting, for 
stance, of an interpole or compensating winding 
is series connected between the resistor 121 and 
the motor armature. The motor is shown fo be 
also equipped with a series field winding 19 which 
may also consist of a customary compensating 
winding, and this winding is also series connected 
between the motor armature and the resistor I 
The connection of resistor 123 with resistor 126, 
amplifier terminals I I, 116 and rheostat 128 is 
such that the series field windings 1{.9 and 
lie in a series circuit with the resistors 121 and 
123. The armature current of the motor ira- 
presses across .the series field windings {} and 
1{}6 a voltage drop which is effective in the am- 
plifier input circuit in addition to the voltage drop 
across the resistor 121. These two voltage drops 
make up the comportent voltage E2 so that the 
latter depends upon the motor terminal voltage 
as well as upon the IR drop in the motor armature 
circuit. In ,this .manner the voltage E can be 
ruade approximately proportional to the motor 
 speed. A modifying voltage F is impressed across 
the resistor 123 by charging or discharging cur- 
rent from capacitor 124 during periods of changes 
in speed. Consequently in this embodiment the 
voltage appearing across the circuit points marked 
C and D substantially corresponds fo the sure of 
voltage E÷E. It will be understood that an 
additional series resistor in the generator motor 
loop circuit can be connected in the amplifier 
input circuit instead of the above-mentioned 
series fleld windings |{}$ and | 
It will be understood by those skilled in the art 

that various..modiflcations other..than, thoe.-pe- 
. cifically.mentioned can be made vithout :depar- 
ing.frorn .the essential fatures ,of 'the invençion 
and ithin-the scope of çhe claims..annexe_d«hee- 
5 to. 
We claire as out invention: 
1. Aspeei regulating control system, :compris- 
ing a motor, current .supply means .of variable 
voltage connected v¢ith said.motor for controlling 
0 sali motor to operate at variable speed dependent 
.upon said voltage, voltage-varying means..for said 
current supply means, static-magnetic amplifier 
means having an output circuit connected vith 
said voltage varying means fo control the voltage 
15 ofsaidcurrentsupplymeans andhaving.aninpu 
circuit, voltage supply means of adjustablecon- 
stant .voltage connected to said input circuit fo 
provide a first comportent control voltage, a speed- 
responsive voltage source connected with said mo- 
20 .for fo provide a second comportent control voltage 
in accordance with the.motor speed, a capacitive 
circuit coupled with said source to provlde a third 
comportent control voltage substantially propor- 
tional to the rate of change of said second com- 
25 portent control .voltage, an acceleration-respon- 
 Sive voltage source connected with said motor, 
another capacitive, circuit connected with said 
latter source to provide a .fourth component con- 
trol voltage substantially-proportional to the sec- 
30 ond derivative of the motor speed,-said speed- 
responsive voltage source and said two capacitive 
circuits being connected with said input circuit 
.to impress thereon said second, third and fourth 
comportent control voltages. 
35 2. In combination, a variable-voltage-drive 
system having a motor and having current supply 
means of controllablevoltage connected.with said 
.motor for controlling said-motor to operate ai 
variable speed, voltage varying means for said 
4O current supply means,-magnetostatic amplifier 
means having an output circuit connected with 
said voltage varying means to control the voltage 
of said current supply means .for controlling its 
Voltage and having an input circuit, adjustable 
45 Voltage supply means of constant voltage con- 
-nected fo said input circuit to impress thereon a 
selective-control voltage, speed-responsive first 
circuit means having a resistor series-connected 
in said input circuit and having across said re- 
50 sistor a-voltage dropsubstantially.proportional to 
the speed of said motor, acceleration-responsive 
second circuit means having another resistor se- 
ries-connected in said input circuit and havini 
across said other resistor a voltage drop substan- 
55-tially proportional fo the first derivative ofsaid 
speed, and third circuit means having a third 
resistor series-connected in said input circuit and 
having across said latter resistor a voltage drop 
substantially proportional fo the second deriva- 
60 tive of said speed, said flrst, second and third cir- 
cuit means being connected with said drive.system 
to be controlled in dependence upon the operation 
of said motor. 
3. In combination, a variable-voltage ch-ive 
65 having a direct-current motor nd a-generator 
vhich bave a common armature circuit, said 
generator having two mutually opposed split 
field windinis, a magnetic push-pull amplifier 
having two output circuits connected with said 
70 respective field windings and having an input 
circuit, voltage supply means of adjustable con- 
stant voltage connected with said input circuit 
fo impress thereon a selected constant comportent 
control voltage, speed-responsive voltage supply 
75 means connected with said drive fo provide a 
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 variable component control voltage substantially 
proportional to the motor speed, a capacitive 
circuit coupIed with said second voltage supply 
means to provide a variable comportent control 
voltage substantialIy proportional fo the motor 
acceleration, current-responsive voltage supply 
means connected with said armature circuit and 
another capacitive circuit coupled with said third 
voltage supply means fo provide a variable com- 
portent voltage substantally proportional to the 
rate of change of said acceleration, said speed- 
responsive voltage supply means and said two 
capacitive circuits being conneited with said 
put circuit voltage series vibration fo one another 
to impress said respective variable component 
voltages on said input circuit. 
4. In combination, a variable-voltage drive 
having a direct-current motor and a generator 
which have a common armature circuit, said 
generator having two mutually opposed split 
field windings, a magnetic push-pull amplifier 
having two output circuits connected with said 
respective fieId windings and having an input 
circuit, voltage supply means of adjustable con- 
stant voltage connected with said input circuit to 
impress thereon a selected constant comportent 
control voltage, speed-responsive voltage supply 
means connected with said drive and having two 
series-connected resistors fo impress across said 
resistors a voltage substantially proportional to 
the motor speed, a capacitor and a third resistor 
connected in series with each other across one 
of said two resistors to provide across said third 
resistor a voltage drop substantiaIly proportional 
to the motor acceleration, the other one oï said 
two resistors and said third resistor being series 
connected with each other in said input circuit 
in opposed voltage relation to said voltage supply 
means. 
5. A combination according to claire 4, com- 
prising another resistor connected in said input 
circuit, a capacitive impedance circuit connected 
across said latter resistor, and electromagnetic 
coupling means connecting said impedance circuit 
with said armature ch'cuit to impress on said 
latter resistor a voltage substantially propor- 
tional to the rate of change of the motor accelera- 
tion. 
6. A combination according to claim 4, com- 
prising a resistive circuit element in said arma- 
tm'e circuit, a magnetic amplifier having a main 
winding and having a direct-current control 
circuit connected across said element to be ex- 
cited in accordance with the current fiow in 
said armature circuit, a rectifier circuit connected 
with said main winding to provide rectified volt- 
age dependent upon said current, another re- 
sistor series-connected in said input circuit, and 
a capacitive circuit connected across said latter 
resistor and connected with said rectifier circuit 
to impress on said latter resistor a voltage sub- 
stantially proportional to the motor acceleration. 
7. In combination, a variable-voltage drive 
having a direct-current motor and a generator 
which have a common armature circuit, said 
generator having two mutually opposed split field 

8 
windings, a magnetic push-pull amplifier havlng 
two output circuits connected with said respec- 
tive field windings and having an input circuit, 
voltage supply means of acljustable constant 
5 voltage connected with said input circuit to im- 
press thereon a selected constant component 
control voltage, resistance means series-con- 
nected in said armature circuit, two resistors 
series-connected with each other across sald 
10 armature circuit, a third resistor and a capacitor 
connected in series with each other across one 
of said two resistors, said input circuit extending 
in series through said reslstance means and the 
other one of said two resistors and said third 
15 resistor to be impressed by voltage dependlng 
upon speed and acceleration of said motor. 
8. A combination according to claim 7, com- 
prising another resistor series connected in said 
input circuit, a capacitive circuit connected 
2O across said latter resistor, and a magnet ampli- 
fier having a main winding ionnected across part 
of said capaiitive circuit and having a control 
circuit connected across said resistance means to 
impress on said latter rasistor a voltage varying 
25 substantially in proportion to the rate. of change 
of said acceleration. 
9. In iombination, a variable voltage drive 
having a direct-iurrent motor and a generator 
with a common armature loop circuit, said gen- 
3O erator having self-excited field winding means 
connected with said circuit and having a resis- 
tance characteristii nearly coincident with the 
linear portion of the magnetic no-load charac- 
teristic of said generator, two mutually differen- 
35 tial control field windings on said generator, a 
magnetostatic push-pull amplifier having two 
rectifier output circuits of inversely variable volt- 
ages connected with said respective control field 
windings and having a direct-carrent lnput 
4O circuit fer controlling said latter voltages, speed- 
responsive voltage supply means connected with 
said drive and having two series connected re- 
sistors fo provide across said resistors a voltage 
variable substantially in proportion fo the motor 
45 speed, a third resistor and a. capacitor connected 
in series with each other across one of said two 
resistors to provide across said third resistor a 
variable voltage substantially proportional fo 
the motor acceleration, and a voltage-adjust- 
5o able source of selective reference voltage con- 
nected with said input circuit in series relation 
to said third resistor and in series relation fo the 
other one of said two resistors, said source being 
poled in opposition fo said two variable voltages. 
55 
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